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' Proliferative Assays for T Cell Function 

A number of agents can specifically or nonspecifically induce Tcell activation, resulting 
in cytokine production, cytokine receptor expression, and ultimately proliferation of the 
activated T cells. Although proliferation is not a specific effector function of T lympho- 
cytes—in contrast to helper function for B lymphocytes iamno) or cytotoxicity {unit 
3 ;;)— |>roliferation assays are reliable, simple, and easy to perform and have been widely 
used to assess Ae overall immunoconqwtence (rf an animal. In ad(fition, the assays 
described in this unit form the basis for identifying the appropriate cettular population 
that might be used to obtain T cell clones (jmrui) or T ceU hybridomas iumi.M). 

The assays have been divided into two groups on the basis of whether they are used to 
stimulate primed or unprimed T lymphocytes. The first basic protocol describes the use 
of agents that are capable of activating unprimed T lymphocytes in culture eitiier by 
pharmacologic means (calcium ionophore and phorbol ester stimulation), by direct 
cross-linking of tile T ceU receptor (TCR) on a large percentage of responder cells 
(anti-CD3, anti-TCR-yB, or anti-TCR-op monoclonal antibodies), by cross-linking the 
receptors on certain subpopulations of T cells with monoclonal antibodies specific for tiie 
V regions of p chains of tiie TCR (anti-VP) or with enterotoxins specific for certain 
VB-chain regions, orbyindirectiycross-linkingtiie TCR Oectins or monoclonal antibodies 
to non-TCR antigens). The first alternate protocol describes the use of plate-bound 
antibodies specific for tiie TCR to stimulate proliferation. The second alternate protocol 
describes the activation of unprimed T cells to ceU-associated antigens in the mixed 
leukocyte reaction (MLR). The first support protocol describes the preparation and use 
of T cell-depleted accessory or stimulator cells and the second support protocol describes 
methods for blocking, accessory ceU proliferatioa Finally, tiw second basic protocol 
describes tiie induction of aTceU proliferative response to soluble protein antigens or to 
cell-associated antigens against which tiw animal has been primed in vivo. 

The assays in thisunit employ murine T lymphocytes. Induction of proliferative responses 
of murine B lymphocytes is described in um3.io. Related assays for use with human 
peripheral blood lymphocytes are described in wot7.9. 

NOTE: All solutions and equipment coming into contact witii cells must be sterile, and 
proper sterile technique should be used accordingly. 

ACnVAHON OF UNPRIMED T CELLS 

Unprimed T cells can be induced to proliferate by a variety of agents, including pharma- 
cological agents. anti-CD3/TCR or anti-Hiy-l monoclonal antibodies, enterotoxins and 
lectins. The commentary briefly describes tiie spedficities of tiiese agents, whUe Table 
3 12 1 lists sources and concentrations for use in tiiis protocol. Altiiough this procedure 
is intended to measure proliferation of Tcells specifically, in many cases induction of T 
ceU proliferation is dependent on tiie presence of non-T cells tiiat fiinction as accessory 
cells The latter provide additional costimulatoty signals for T ceU proliferation as weU 
as cross-link (via tiieir Fc receptois) monoclonal antibodies bound to ceU-surface anti- 
gens The requirement for non-T accessory cells varies wifli tiie nature of the stimulatory 
Ugand and can range from absolute dependence to accessory ceU-independent T ceU 
activation (see Table 3.12.1). The activation is calculated after deterauning tfie difference 
in incorporation of ('H]tiiymidine between stimulated and control ceUs. 
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Table 3.12.1 Agents Used to Activate Unprimed T CeBs In ProWeraBve Assays 



Agent? 


Source/ 
cat no.* 


Concentradon 


Accessoiy 
cells' 


Mode of action, etc. 


PMA 


SIG P8139 


l-lOng/ml 


No 


Use widi ionomycin or 




A23187; phannacolo^c 


lonomydn 


CAL 407950 


200-500 ng/ml 


No 


Use with PMA; 








pharmacologic 


A23187 


CAL 100105 


100-500 ng/nd 


No 


Use with PMA; 






phannacologic 


PHA 


wnHA16 


l-5^gAnl 


Yes 


Indirect TCR 








cross-linking 


Con A 


PH 17-0450-01 


1*10 ^grinl 


XCS 


cross-linking 


Anti-Hiy-l 


PGinAb^n 


l-SOpg/inl 


Yes^ 


IndnectTCR 








cross-iinKing 


Anti-CD3 


PGHM-CD3 


0.1-5 |ig/ml 




Use piate-Douno or 






soluble; direct TCR 

inkin ff 


And-TCR-oP 


PGHM-AB- 

TCR 


0.1-10 fig/ml 


Yes^ 


Use plate-bound or 
soluble* diTttst TCR 








cross-linking 


Aittt-TCR-ne 


PGHM-GD- 


0.1-100 ^g/nu 


no 


vSG piaio-uuunu, uuw«rft 


TCR-1; 

HM-GD-TCR-3 






TCRoross-iinldng 


Anti-Vp-81. 


PGMM-Vp- 
TCR-1 


O.MOO|ig/inI 


No 


Use plate-bound; direct 
TCR cross-linking 




PGRM-VB- 
TCR-2 


0.1-100 ^g/ml 


No 


Use plate-bound; direct 
TCR ax)ss*lin]dng 




PfiRM-VB- 
TCR-3 


0.1-100 ^gAnl 


No 


Use plate-bound; direct 
TCR cross-linking 


Staph toxA 


TTATlOl 


l-10|ig/inl 


Ycs^ 


VP-13,10.11.17- 
recq>tor specificity 


Staph toxB 


TTBT202; 


1-100 Mg^nd 


Yes^ 


yp-3,73.17-Teceptw 


SIGS4881 






specificity 


Staph tox E 


TTET404 


1-10 ^g/ml 


Yes* 


V^ll,15.17-rcceptor 








spedfidty 



«Abbicviaiions:PMA.phort>ol I2-myristate l^acctete; PHA, ptoftohftnagglmi nhi; Con A, copcmvalin A; Sta|fa 
tox A, B» & E, 5ft97/iy/oc<)cc«j cnterotoxins A, B, & E 



*Sui«>lior addresses and phone mmabcrs are provided in APfBOXt 3. Abbreviations: CAL, Callnocheai; PO. 
Humane PH. Fharmacia LKB; SIG. Sigma; TT, Toxin Technology; WD. Wdlcome Diagnostics. 
«Wben using anti-CD3 and anti-TCR antibodies in soluble form (rather flian pl^o4)onad)> accessory cdls arc 
requited. When using Suiph enterotoxins, accessoiy cdls must express ^ipropriate MHC class II molecules. 
Accessory cell dependence is not absolute with anti-Tby-1 antibodies. 
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Materials 

Complete RPMI-5 and RPMI-10 media (appendix2) 

Responder cells: lymphocytes from nonimmunired mouse thymus, spleen, or 

lymph nodes (uNrrxi) 
Activating agent(s) (T^ble 3.12.1) 
Phosphate-buffered saline (PBS; APPENoai) 

Accessory cells: imftactionated mouse spleen ceB suspoision, inadiated or 
treated with mitomycin C (second support protocol or T celWepleted 

(first support protocol) 
pITlthymidine {appenddc}) 

15- and 4-inl disposable, poly^riene conicaltubes wifli saew cq)S 
Low-speed centrifuge with SorvaU H-lOOOiB rotor (or equivalent) 
1-, 5-, and lO-ml disposable polystyrene pipets 

96-well flat- or round-bottom microtiter plates with Uds (Costar #3596 or #3799) 
25- to 100-jil single- and multichannel pipettore with disposable t^ 
Additional reagents and equipment for removing organs {vmris), preparing 

single-ceU suspensions (Mwr ii), and counting. Uibeling, and harvestmg 

cells (APPEmas) 

1. Prepare responder leukocyte suspensions from diymus. spleai, or lymph node in 
complete RPMI-5 as described in twiTAi. 

The size of the intended experiment dictates the number of organs to be coUected. See 
annotation to step 3 for an indication of cell number required, and VNirs.l for number 
of cells per organ. Spleen, thymus, and lymph node can be used as responder cells 
whUe only spleen is a source €f accessory cells. Purified T cells orsubpopulattons of 
T cells (Le., CD4* or CDS*) cells may also be used. See mm 3J-3.6for ennOiment/ 
depletion methods. 

2 Centrifiige single-ceU suspensions in 15-ml conical tubes for 10 min m SorvaU 
H-IOOOB rotor at-1000 ipm (200 x g), room temperature, and discard supernatant 

3. Resuspend ceU pellet in complete RPMI-5. Count responder cells and adjust to -10« 
ceUsM with cwnplete RPMI-10. 

Vme this concentration (1 x 70* cellsM or 2x10^ cellsAvell) wiU gh>e satisfactory 
responses with most cell populations, it is itf ^ to compare 2.4. and 8x1^ cells per 
weU in initial pilot experiments. Ifut^vctionated spleen or lymph node cells are used 
as the responder population, suffkient accessory celU are present and there IS no 
to suppUment the cultures with additional cells. However, ^highly purifiedT cells or 
T cell subpopulations are used as responders. it wiU be necessary to add lUn^ 
accessorycellsdependingonthenatureoftheactivatingageraiseeJableSn^^^^ 
is most easily accomplished by adding increasing numbers (0.1. 0.5. and 1.0 x Iff) qf 
syngeneic spUen (accessory) cells in 0.1mlto2xl(fi T cells in0.1ml(seefint support 
protocol). Mso. a meaningful comparison <^ Oie responsiveness of different ceU 
populations requires titrations cfboth the activating agents asweUasthe responding 
cell populations, and a kinetic aqterimenL 
4 Prepare working solutions of activating agents in 4-ml conical tubes at room temper- 
aturc as follows. For MAb, toxin, or lectin, make a series of four dihrtions from 1 
mg/ml stock solutions-e.g.. 100. 30. 10. and 3 fig^inl in PBS. For tiie pharmacolog- 
ical agent, make single dilutions of 100 ng/ml soluticm of PMAand 1 ng/ml A23187 
(or 4 ^g/ml ionomycin) in VBS. 

If MAb in supernatant or ascites form are being used, at least four dilutions should 
alsobeused. Working solutions should be used immediately, since the various pnoeins, 
especially MAb. may bind to the plastic. 
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See Table 3.12,1 for Vp specificities of staphylococcal enterotoxins. It is essential to 
verify that the mouse strain employed expresses the MHC class II surface molecules 
for which the enterotaxin has a spec^ic binding (ffinity. See Marrack and Kappler 
(1989) for further discussion qf various entemdns and their specificities. 

5. Add 20 ^il of each dilution of activating reagent (MAb, enterotoxin or lectin) to each 
of three wells of a 96- well flat- or round-bottom microtiter plate. Include control wells 
with 20 Hi of PBS only. Add 20 jil PMA or calcium ionophoie at the angle 
concentration indicated in stqp 4, as the dose-response curve for these agrats is 
extremely narrow* 

A series of four dilutions will form one row of each microtiter plate, allowing for 
efficient organization cfthe plates. 

6. To the wells of Uie 96-well microtiter plate containing activating agent, add 2 x lO' 
cells in 0.2 ml. 

7. Place nmcrotiter plates in a hurmdified 3TC 5% COj incubator for 2 to 4 days. 

Optimum culture periods for stimulating ceUs wOl vary depending on cell type and 
laboratory conditions and must be determined empirically (see critical parameters). 

8. Add pHJthymidine to each well. Return tiie plates to COj incubator to pulse 1 8 to 24 
hr. Harvest cells using a semiautomated sample harvester and measure cpm in P 
scintillation counter. 

9a. Con^)ute the data as tiie difference in cpm of stimulated (experimental) and conttol 
(no activating ag«it added) cultures. This is drae by subtracting the arithmetic mean 
of cpm from triplicate control cultures from tiie arithmetic mean of cpm from 
corresponding stimulated cultures. The results are referred to as **A cpm.** 

9b. Alternatively, compute die data as die ratio of cpm of stimulated and control cultures. 
This is done by dividing die aritiunetic mean of cpm from stimulated cultures 
arithmetic mean of cpm fipom control cultures. The results are referred to "SF 
(stimulation index). 

The second method (step 9b) has the disadvantage that small changes in background 
values will result in large changes in SI and should be interpreudwithcaution. In most 
publications, A cpm rather than SI values are pr^erred. 

ACTIVATION OF UNPRIMED T CELLS WITH 
PLATE-BOUND ANTIBODIES 

Alfliough it is possible to induce T cell activation with monoclonal antibodies to die 
CD3/TCR complex in solution during culture, such activation depends on cross-linking 
of the antibody by Fc receptor-bearing accessory cells. This protocol describes the use 
of monoclonal antibodies to the CDS/TCR conq)lex by coupling them to Ae wells of the 
microtiter plates. The T cell proliferative response induced under these conditions does 
not require the presence of significant numbers of accessory cells, although the responses 
obtained may be suboptimal (Jenkins et al., 1990). 

Use of tills protocol is recommended for use with those antibodies to the CD3/TCR 
complex which bind poorly to die Fc receptor present on murine accessoiy cells and which 
do not induce T cell activation in soluble f ona Altiiough all monoclonal antibodies readily 
couple to plastic under tiiese conditions, it is Very difficult to induce a proliferative 
response wiUi certain antibodies such as the G7, anti-Thy-1 monoclonal antibody. In such 
cases, die conditions described in die basic protocol should be followed. 
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Additional MiOerials 

PBS {APrm>iX2), room tenq>eratare and 4'C 

1 me/ml purified anti-CDS or anti-TCR MAb in PBS (for nonspecific activation 
of T ceils) or 1 mg/ml purified anti-Vp or anti-TCR-ifS MAb in PBS (for 
activation of T cells with specific receptors; see Table 3.12.1) 

1 In 4-inl conical polystyrene tubes, prepare a series of four dUutions of MAb ftom 
sterile 1 mg/ml sto<* solutions— e.g., 100, 10, 1, and 0.1 ng/ml— using room 
temperature PBS. 

Sources and recommended concentrations cf monoclonal antibodies can be found in 
Table 3.12.1: since MAb wOl bind to plastic, die working dilutions should be used 
immediatefy. 

The ability cf anti-TCR antibodies to cross-link receptor molecules varies depending 
on the purity trfthe MAb preparation and the affinity of the MAb for the TCR/CD3 
c<miplex. Optimum dilutions will have to be determined in dose-response experiments. 
Alternatively, preparations of ascites fluid from the MAb can be tested at different 
dilutions (e.g.. 1:100. 1:200. 1:406. and 1:800). butuseofpur^antibotfywiUallow 
for better standardization (ffUte assay. 

Because the efficacy of MAb-induced activation depends on the amount of antibody 
bound to die bottan of the wells, it is crucial to make the dUutions in a bi^er without 
any additional source of proteins such as FCS or albumin; these would compete wiOi 
the binding cfdie antibody, and therefore reduce the responsiveness. For tfus reason, 
it is also not recommended to perform the assay wiOi culture supematants qf me 
appropritaehybridamas. 

2. Add 30 Hi of each concentration of MAb solution to each of three wells of a 96-well 
round-bottom niicrotitCT plate. Include control wells of 30 Ml PBS only. 

A series of four dUutions will form one row of each plate, allowing for efficient 
organization ofdte plates. Consistently better responses are seen wiOi round-bottom 
(compared withflat-bottom) pkOes in antibody-mediated experiments. 

Most often, optimal responses are seen with 10 pg/ml antibody. There is no point in 
adding more than the indicated amount of antibody, since Ou maximum amount Uutt 
can bind to surface of die wells is -2 to 3 pg (AMJL. unpub. obsenK). 

3 Cover the plate and gendy tap its side to ensure complete covering of tiie bottom of 
die wells. Incubate plates 90 min at 3TC. During incubation, proceed to step 4. 
During this incubation, the antibodies bind to die plastic in the wells for subsequent 
cross-linking of the Tcell receptors on responding T cells. Plates can also be prepared 
the night before an experiment and kept in the r^gerator overnight, cfter the SrC 
incubation. 

4. Prepare responds cell suspensions as in steps 1 to 3 of tiie basic protocol. 

Highly pur^ T cell populations can be used in these studies as the prol^erative 
response induced is accessory cell-independent. However, the presence ofrum-T 
at^essory cells does not interfere with the prol^erative response. 

5 Wash the wells of die incubated plates by adding 200 cold PBS and inverting die 
plates widi a flick of die hand on a stack of paper towels placed in a tissue culture 
hood. Repeat washing procedure two more times to remove excess antibocfy. 

6. lb dje wells of die washed plates, add -2 X 10* cells in 0.2 ml. 

If cells are not ready at this smge. plates maybe kept in the refrigerator overnight q/ter 
lOOfd PBS has been added Presumably, longer storage periods should be acceptable, 
but our experience is limited to-day periods. The PBS should be removed b^ore 
die cells are added 
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Mast cell populations wUl give peak responsiveness at this cell dosage, but pilot 
experiments should be performed to establish optimal conditions. 

7. Proceed as in steps 7 to 9 of the bask protocol, but inOTbateodt^ 
befwe adding [^Hlthymidine. 

Kinetic assays should be performed to determine the optimum culture period. 

T CELL PROLIFERATION IN MIXED LYMPHOCYTE CULTURES 

In the mixed lymphocyte culture (MLC) or reaction (MLR), suspensions of responder T 
cells are cultured with allogeneic stimulator lymphocytes. The wrtivating stimulus is the 
foreign histocompatibility antigen (usually MHC class I or class H molecules) expressed 
on the allogeneic stimulator cells. Responder cells need not be prin^d because a suffi- 
ciently high number of T cells in the MLC will respond to the stimulatcMr population. If 
the stimulator cell population contains T cells, their uptake of t^Iflthymidine must be 
prevented by irradiation or treatment with mitomydn C; alternatively the stimulator cell 
suspension can be depleted of T cells (see suppOTt protocols). 

Additional Materials 

Responder cells: lymphocytes from nonimraunized mouse thymus, spleen, or lyn^)h 
nodes {UNrrs u a sj) or purified T cells or T cell subpopulations (wwts jj.j^) 

Stimulator cells: allogeneic mouse spleen cells that differ from the responder cells 
at H'2 or Mis loci, irradiated or treated with mitomycin C (second support 
protocol) or T celWepleted (first support protocol) 

1. Prepare responds cell populations as in steps 1 to 3 of the basic protocol Alttiough 
unfractionated cell populations can be used as responders m certain situations, it may 
be preferable to use purified T cells or T cell subsets. 

To estimate the MLR of a cell population, it is necessary to perform a dose-response 
assay with different numbers cf responder cells. TypicaUy. three replicate wells are set 
vp containing each of Oie following: 0.5. h 2, and4 x l(fi cells (optimal responses are 
usually obtained with the latter two densities), the setup for these four cell densities 
will occupy one row (12 wells) of a microtiter plate. 

For thymocytes, it may be necessary to use 8 x l<fi cells per well because the frequency 
of responding T cells is lower; the lowest number cf responder ceUs could then belx 
l(fi and the doses in between would be 2 and 4x10^. Using this range qf higher 
numbers of responder cells may also be preferred when experimental manipulations 
are expected to reduce the frequency cf responding T cells. 

2. To a 96-well microtiter plate, add 5 x 10* to 4 x lO' responder cells in 0.1 ml to each 
well. For each experimental group, set up three replicate wells. 

Stimulation cf leukocytes for proliferation in 96-well microtiter plates can be run in 
parallel with cytotoxic T lymphocyte (CTL) generation ( UNITSM), which is performed 
in 24'well microtiter plates. For example, cells can be diluted to4xl(fi cells/ml and 
added to 24-well plates in 1.0 ml/well for CTLgeneration and to 96-well plates in 0.1 
ml/weU for proliferation. 

3. Prepare a single-cell suspension of irradiated or mitomycin C-treated stimulator cells. 
Altematively, prepare a suspension of T-cell depleted stimulator cells. Add 0.1 ml to 
each well of the plates containing responder cells. 

The optimum number of stimulator cells must be determined for each MLC and far 
different responder cells. For a range of responder cells from 0.5-4 X l(fi, test 
stimulator cells at densities of 2. 4, and 8 X lO^Anl (ie., 2,4, and 8 x Kfi/well). It 
should be noted that the stimulator cell suspension provides both the specific antigen 
to be recognized by dte responder T cells as well as nonspecific accessory cells. If 
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highly purified f cells are used as the responder population, it is therefore not 
necessary to supplement the cultures with non^T accessory cells syngeneic to ihe 
responder T cells. 

Separate wells with control cultures should be set up that include— for each dose of 
responder aixJ stimulator cells — replicate wells of responder cells with irradiated or 
mitomycin C-treated syngeneic stimulator ceUs. Values obtained from these controls 
reflect **background" proliferati(»i values (see step 9 of basic protocol). Other negative 
controls often included are wells with stimulator cells alone and wells with responder 
cells alone. These are not used for the calculation of the data, but are useful to compare 
with the background proliferation values; the latter should not be much higher (<2-foM) 
than those obtained with stimulator or responder cells alone. High^ background values 
indicate potential autoreactiviQr. 

4. Follow steps 7 to 9 of the basic protocol, but mcubate flie cultures for 3 to 6 days. 

Optimum culture periods for stimulating cells will vary depending on cell type and 
laboratory conditions, and must be determined empirically (see critical parameters). 



DEPLETION OFT CELLS FROM SUPPORT 
ANTIGEN-PRESENTING/STIMULATOR CELL SUSPENSIONS PROTOCOL 

Although normal unfractionated spleen cell populations can be used as a source of 
accessory cells, in certain types of experiments it may be preferable to use spleen cell 
populations from which die T cells have been removed. Hiis procedure ensures that none 
of the observed proliferative responses of die responder population result from T cell 
factors derived from the accessory cell population. For example, even T cells whose cell 
division has been blocked (second support protocol) can produce cytokines. In the 
following steps, T cell-depleted spleen cell suspensions are prepared using a lytic 
monoclonal antibody to the T cell antigen, Thy-1. Because almost all the antigen 
presentation or stimuktor cell activity m spleen resides in Ae non-T cell fraction, this 
procedure also leads to enrichment of ftmctional antigen-iM:esenting cell function. Further 
enrichment of antigen-presenting cells (APC) by flotation of the T cell-depleted spleen 
cells on Peicoll gradients is also described. Other procedures leading to enrichment of 
APC are described elsewhere; the method desoibed in Wfrrsj docs not deplete T cells 
and therefore is not recommended here; the method described in vmrsjs leads to highcar 
levels of enrichment that are not required in the protocols presented here. 

Additional Materials 

Spleen cells irom nonintmiunized mice 

Hanks balanced salt solution (HBSS; appendjxz) 

Low-Tox rabbit complement (Cedarlane #CL3051), reconstituted with 

ice-<:old distilled water and fllter-sterilized 
Anti-Thy-1.2 ascites (HO-13-4; ATCC #T1B 99) or anti-Thy-Ll ascites 

{HO-224; ATCC tflTB 100; alternatively, see Table 3.4.1 for other 

anti-Thy-1 MAb and umz6 for production of ascites) 
70% Percoll soluticm {usms and reagents and solutions) 

1, Centrifuge the spleen cell suspension derived from single spleen down to a pellet 

The spleen cells should always be from nonprimed animals and should be syngeneic 
to the responder T cells unless they are to be used as stimulator cells in the MLC. 

2. To the pellet, add 0.9 ml HBSS, 0.1 ml complement, and 25 ^1 anti-Thy-1 ascites. 

If cells fiwn more than a single spleen are needed, the procedure should be scaled up fo^^Sfom?«Qd 
accordingly. TCdlFinictlcni 
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The choice ofanXi-Thy-l reagent to be used depends on the strain of animal from which 
the spleen was derived. The great majority of commonly available mouse strains 
(except AKR) express the Thy-Ll allele, 

3. Incubate the mixture at 45 nun io a ST'X; water ba^ 

4. Centrifuge 10 min in Sorvall H-IOOOB rotor at -1000 rpm (200 x g), room tempera- 
ture^ and discard supernatant Resuspend peDet in HBSS and wash two 

5. Count viable cells (appendix s) and resuspend in coroplete RPMI-10 or PBS for 
inactivation as in the second support protocol, or in HBSS to prepare lowHleM 

accessory cells (see below). 

The T cell-depleted spleen cell population is comprised qfB cells, macrophages, and 
dendritic cells. Further enrichment of cells with enhanced accessory cell function can 
be obtained by fractionation of this population on PercolL 

6. Dilute 70% PercoU solution to 55% by mixing 23.58 ml of the 70% Percoll with 6.42 
nil HBSS. Resuspend T celWepleted spleen cells ftom step 5 in HBSS at 20 x 10^ 
ceUs/ml. 

7. Layer 3 ml cell suspension owet 3 ml of 55% Percoll solution in a 15-ml conical 
centrifuge tube. 

8. Spin 13 min in H-IOOOB rotor at 3000 rpm (1900 x g). room temperature. 

9. Remove cells that band at the Percoll/HBSS int^ace with a 5-in. Pasteur pipet and 
wash 3 times in HBSS as in step 4. 

10. Count viable cells and resuspend in complete RPMI-10 for inactivation according to 
the second support protocol. 

The population obtained from steps 6 to 10 is comprised of large cells including 
macrophages, dendritic cells, and activated B lymphocytes. This population of cells is 
enriched in accessory ceU function. When used in either of the basic protocols with 
purified T responder cells, fewer of the PercoU-purifled cells should be needed to 
provide accessory function 

BLOCKING CELLULAR DIVISION OF ACCESSORY/STIMULATOR CELLS 

There are two situations in which mhibition of accessoiy or stimulator cell division should 
be blocked. When purified T cells rather than unfractionated lymphoid populations arc 
used in the basic protocol, cultures are frequently supplemented with accessory cells 
syngeneic to flie responder T ceUs. If accessoiy cell DNA synfliesis is inhibited, one can 
then be certain that the resultant proliferative response is comprised entirely of responder 
T cells and does not contain a component of recruited B cell proliferation derived from 
tiie accessoiy cell populations. In tiie MLR, tiie stimulator cells are splera cells from mice 
tiiat differ from the responder cells in H-2 and/or Mis gene expression (see appendix u 
Ibbles A.1C. 1 and A. IRl) and they can also recognize alloantigens on tiie responder cells. 
This responsiveness of stimulator cells against respomier cells in an MLR (so-called 
back-stimulation) must be prevented by blocking cellular diviaon. This can be done by 
treatment of stimulator cells with mitomycin C (a DNA cross-linking reagent) or by g 
irradiation. Many investigators prefer mitomycin C treatment when antigenic differences 
encoded for by Afiy genes are to be measured, or when an irradiation source is not available. 
Fbr moe information on tiie loci encoding Mis genes, see Tables A.1R2 and A.1F3. 

Mitomycin C Treatment 

Additional Materials 

Mitomycin C (Sigma #M-0503; store in dark) 
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1 . In a 15-inl alumiimm foiO-ympped tube, prepare a soliitioD of mitongrdn C in PBS 
at 0^ mg/ml and filter sterilize. 

Since mitomycin C is very light-sensitive,, it is necessary to prepare afresh stock 
solution each day for each eiq>eriment. 

2. Prepare spleen cell suspension as described in steps 1 and 2 of the basic protocol at 
a concentration 5 X 10^ cells/ml in PBS. 

3. Add mitomycin C to a final concentration of 50 Hg/ml (100 Ml/^ of ceU suspension) 
and wrs^ tiie tube in ahnninuin f(»l. LicubalB 20 min at 37*0. 

4 Add anexcess of complete RPMI-5 (Le., fill tube with -12 ml) and centrifuge 10 mm 
in Sorvall H-IOOOB rotor at 1200 ipm (300 x g). Discard suponatant and rqpeat 
washing procedure two more times. 

Three washes are crucial, because any traces ef mitomycin C Uft among the cells wUl 
reduce proltfert^ responses when the cells are added to an MLC 
5. Resuspend peUet in complete RPMI-10. Count ceUs with hemacytometer. Adjust to 
desired concaitration as described in the annotation to step 6 of the basic protocol. 

Irradiation "nreatment 

Prepai* a spleen cell suspension as described in steps 1 to 3 of the basic protocol, at a 
final concentration of 5-lOx 10«ceUs/ml in complete RPMI-10. Using asource of ionizing 
irradiation (^o or '"Cs -^irradiator, e.g., Gammacell 1000, Nordion), deliver 1000 to 
2000 rad of irradiati(» to the cdls. 

This dose range of irradiation is suitable for most immunologic applications employii^ 
spleen cell suspensions. However, antigen presentation by different spleen cells is 
differentially aflfected by irradiation (AshweUetal., 1984): at low doses (500 to lOOOrad). 
antigen-presenting function of B cells is preserved; after doses of 1100 to 2000 rad, a 
substantial decline is observed; and doses >2000 rad abolish tiie participation of B cells 
as APC MacrojAages and dwjdritic cells, on tiie other hand, maintain antigen presentatira 
timjugh doses of 3000 rad. lb ensure fliat B cells do not participate in the responses 
measured, some investigators prefer to use doses of 2000 rad. However, responsiveness 
to Mis antigens can best be measured witii stimulator cells tiiat received doses of <1000 
rad. since B cells present Mis more effectively. Alternatively, Mb responsiveness can be 
measured after mitomycin C treatment of stimulator cells, since it also preserves die 
antigen-presentation function of B cells. 

When transformed ceU lines are used as antigen-presenting or accessory ceUs. higher 
doses must be used to ensure blockage of ceU division. Hie ^propriate dose will have to 
be determined empirically for each ceU line, but is likely to be at least 5000 rad; some 
transformed ceU lines require as much as 10,000 to 12,000 rad. and may be more sensitive 
to mitomycin C treatment 

ACTIVATION OFPRIMED T CELLS 

Proliferative responses to viruses, protein antigens, minor transplantation antigens, and 
tiie male H-Y antigen require in vivo immunization followed by in vitro stimulation. 
Furtiiermore, enhanced proliferative responses to those antigais tiwt will generate pri- 
mary in vitro responses (i.e., MHC antigens) can be obtained by in vivo priming. Multiple 
immunizations usually elevate in vitro responses. 
To immunize animals for in vitro secondary responses to soluble protein antigens or 
peptides, dissolve antigens and emulsify in complete Freunds adjuvant {unit 2J). For 
strwig responses by draining lymph node cells, immunize animals in a hmd footpad. For 
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Strong responses by spleen cells, immunize intraperitoneally. Tail-base munumzation also 
can be used as an efficient loute of immunization; follow procedure for intradermal 
injection. To prime animals against cellular antigens, inject intraperitoneal^ vnih 1-S x 
10^ cells that express the antig». Immunization jsotocols are described in unjtl6. 

Within 2 to 3 weeks after in vivo priming* in vitro responsiveness of primed Tcells can 
usually be measured. This assay is often used as a preparation for subsequent in vitro 
cloning procedures {um$A4) and T cell hybridoma preparation {uNrrsJS). 

MaieriaJs 

Complete RPMI-10 medium {append[K2) 

Responder cells: Purified T cells isolated fiom lyn5)h nodes (UNrrs 3.1-3.6) of 

in vivo primed mice 
Antigen: 1 mg/ml sterile protein antigen(s) (wwr jjjX in PBS or suspension of 

irradiated mitomycin C-treated stimulator cells expressing alloantigens 

at 8 X 10^ cells/ml (UNfr3M, support protocol) in complete RFMI-10 medium 

(appendix 2) 

Accessory cells: suspension of irradiated or mitomycin C-treated (or T cell- 
depleted) spleen cells syngeneic to the re^onding T cells at S x 10^ cells/ml 
in complete RPMI*10 medium 

4-ml conical tubes 

96'Well flat-bottom microtit^ plates with lids 

1 . Follow steps 1 to 3 of die first basic protocol for preparation of responder cells. 

2. Prepare 4*fold dilution series of the antigens in 4-inl conical tubes, using complete 
RPMI-ia 

The following dilutions are recommended: 100, 10, 1, and OJ f4g/ml protein antigens 
and8.4,2,andlx lOPcellsArd cfstimdator cells in complete medium. 

3. Add antigens to 96-well flat-bottom microtiter plates, at 30 jil/well for protem 
antigens or 100 jil/wcU for cellular antigMS. For each experimental group, set up 
three replicate wells and include control wells with medium only (no antigen). 

By using four concentrations of antigens and three replicate wells for each dose, one 
row qfa microtiter plate will cover the entire tested range. 

4. Add responder Tcells in OJ ml to each well. 

Purified Tcells are recommended: otherwise extremely high background values may 
be obtained This appears to be due in part to proliferation of recruited cells (T and 
non-T) that are not antigen-spec^. If unfractionated lymph node cells from recently 
primed mice are used, add 1-2 x ICP cells per well and proceed to step 6. 

5. If purified lymph node T cells specific for protein antigens are used, add 0.1 ml of 
accessory spleen cells syngeneic to the donor of the responder T cells at 5 x 1 0^ cells 
per well. 

Purified Tcells require an exogenous source of accessory non^T cells. Accessory cells 
function boA as antigen-presenting cells and as a source of undefined ^'second 
signals/' They are not requiredforceU preparations primed agMnst cellule 
because accessory cellfimction is provided by the stimulator cells* 

6. Proceed as in steps 7 to 9 of the basic protocol. 

Culture periods before labeling can vary widely and kinetic assays should be per- 
formed In general, for Tcells from primed mice, it is likely ihat the response will peak 
atday4or5. 
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REAGENTS AND SOLUTIONS 

PercoU solution 

Diluent: 

45 ml lOx PBS, pH 7.4 {appendix 2) 

3nil0.6MHa 

mmlHiO 

Filter sterilize 

70% Percoll solution: 

63 ml Percoll (Pharmacia LKB #170891-01) 

37 ml sterile diluent (above) 

Filial osmolarity should be 310 to 320 osM 



COMMENTARY 

Background Information 

Proliferative assays for measuring T cell 
function have certain advantages and disadvan- 
tages compared to the cytotoxic T lymphocyte 
(CTL) assay described in vm 3.n or the 
lymi^okine production assays in vmssjs a as. 
Advantages are that proliferative assays are 
less tim&'Consunung, less labor-intendve, less 
cell-consuming, and less e>q)ensive than 'Inie*' 
effectorTcell function assays. Adisadvantage 
is that antigen specificity is not as easily d^- 
onstrated in proliferative assays as in CIL 
assays, unless antigen-specific clones of pro- 
liferating cells are used. Furthcnnores, tfie pro- 
liferative assay only detects dividing cells in- 
stead of measuring true effectorTcell function. 

It is not clear whic* T cell fiinction is mea- 
sured in prolif»ative assays; the proliferative 
response should therefore be used solely as 
general indicators of T cell reactivity. Data 
obtamed in proliferative assays might vari- 
ously reflect proliferation of CTL, lynq>hok- 
ine-producmg T cells, or nonactivated "by- 
stander** cells, and will be severely affected by 
the function of non-T cells sudi as accessory 
cells (see below). Since die majority of T cells 
respond to and produce IL-2 upon activation, 
differences in responsiveness in a proliferative 
assay in part reflect differences in 1X^-2 produc- 
tion by the responding T cells. Proliferative 
assays therefore become more meaningful 
when combined with the lymi^oldne detection 
assays presented in owrrs J./5 a^lj. Since respon- 
siveness to IL-2 is also determined by the levels 
and functionality of ILr2 recqptors, further in- 
formation wiO be added by including measure- 
ments of IL-2 recejrtors {unit 6.1) or by flow 
cytometry {vnttu). Yet, as a first approxima- 
tion of cellular activation, proliferative assays 
are valuable. 



Critical Parameters 
and Ihiublediooting 

Paramet»s affecting the magnitude of Tcell 
proliferative responses include cell concentra- 
tion, type of n^um, source of serum, incuba- 
Xac conditions (CX)2 levd and humidity), type 
and concentration of activating agent, type of 
responding T cells, type of accessory/ stimula- 
te cells, mouse strain, and culture time. Opti- 
mal conditions for individual laboratories arKl 
experiments rnust be derived empirically with 
respect to these variables, but general guide- 
lines are provided below. 

A number of agents can be employed in the 
firstbasicprotocoltoinduceTcell proliferation 
(Table 3.12.1). T cells may be activated 
pharmacologic nwans by producing an eleva- 
tion of intracellular free calcium with a calcium 
ionopbcm combined witii activation of protem 
kinase C with a phoibol ester. The most direct 
means of imlucing T cell activaticm involves 
stimulation with monoclonal antibodies tiiat 
interact with die CD3/TCR complex— -i.e., 
anti-CD3, anti-TCR-oP or -76, as well as anti- 

antibodies that are ciq[>able of interacting 
with a subset of cdk bearing a specific TCR. 
A vigorous T cell proliferative response of 
defined subsets can also be induced with cer- 
tain bacterial toxins known as staphylococcal 
enterotoxins. These toxins are often referred to 
as ''superantigens** (Marrack and Kappler, 
1989) because dicy stimulate T cells via die 
variable (V) gene segment of die TCR. Differ- 
ent toxins have afiinities for different chains 
and diese specificities make tiiem valuable re- 
agents for activating T cells. The activating 
capacity of toxins is also dq)endent on their 
ability to bind to MHC class n molecules (i.e., 
responding T cells react with die toxin/class n 
complex); dius, responsiveness varies with the 
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mouse strain uscA Lectins such as phytohc- 
magglutinin (PHA) and concanavalin A (Con 
A) have been widdy used for many years to 
activate T cells. Although the precise media- 
nism of action of these agents is unknown, it is 
likely that lectins activate T cells by indirectly 
cfoss-linKng the TCR because TCR-negative 
cells will not respond to diese agents. Lastly, it 
is also possible to induce T cell activation wiA 
monoclonal antibodies to cell-surface antigens 
odier than the TCR; this protocol employs die 
G7 monoclonal antibody, one of the most rf- 
fective of the anti-Hiy-l activators (Ounter et 
al.. 1984). 

When comparing the reactivity of different 
cell populations, it is essential to perform dose- 
response assays for rcsponder T cells and acti- 
vating agents and foe both respondcr and stim- 
ulator T cells (in MLR), since eadi population 
may yidd optimal responses at different cell 
numbm- Tliis may reflect diffowices in fre- 
quency of responding cells, and hence may 
indicate a need to perform limiting dilution 
assays {uMrsJs), Since peak responsiveness of 
different populations of T cells may occur at 
different times, it is also essential to perform 
kinetic experiments— 4.e„ comi)are respon- 
dveness at days 2, 3, 4. and 5. 

Differences in responsiveness need not nec- 
essarily be due to differences in the frequency 
of responding T cells, but may also indicate 
differences in die efficacy wifli which co-stim- 
ulatory activity or "second signals" are deliv- 
ered by die accessory cells present in different 
cell populati(ms. The type of interactions per- 
tinent to die generation of iffimary responses 
by T cells is explained in the commentaries of 
urns 3A 3M. A Spedfic requirements for 
indudng activation with immobilized antibod- 
ies have been described (Staerz and Bevan, 
1986; Hatiicock et aL, 1989; Jenkins et al, 
1990). A responding cell population com- 
pletely devoid of accesscMy cdls (such as puri- 
fied populations of splenic or lymph node T 
cells or cloned T cells) will yield fine respon- 
siveness m an MLC, since accessory cell func- 
tion is provided by die stimulator cells; how- 
ever, the same population will generally not 
yield responses when nutogens, antigens, or 
entciotoxins are used. In sudi a setting, acces- 
sory cells may also function as antigen-present- 
ing cells (APC), Addition of irradiated or mi- 
tomycin (>trBatcd syngeneic sources of acces- 
sory cells (ddier whole spleen cells or purified 
APC; see first support protocol) can be used to 
restore responsiveness in purified T cells. Tbe 
need for accessory cells can sometimes be 



bypassed when anti-TCR monoclonal antibod- 
ies are coupled to plastic, or when certain anti- 
Thy-1 monocl<Hial antibodies are used; hotv- 
ever, diese conditions do not necessarily result 
in optimal responsiveness (Jenkins et aL, 
1990). 

The level of pHJfliymidine incorporation 
should not be regarded only as a refiection of 
cellular proliferation: scone non<Uvi<fing cells 
will syndiesize DNA and "cold" diymidine 
released by disintegrating cells will compete 
widi incorporation of labeled thymidine. 
Therefore, measurements of DNA synthesis 
should be accompanied by counting viable 
cells over the length of the culture period if a 
true estimate of cellular proliferation is to be 
obtained. Of course, cell death of nonactivated 
ceQs will also interfere with die accuracy of dus 
last parameter. 

The sensitivity of proliferation assays is 
such diat small errors in cell numbers will result 
in large differences in pH]thymidine incorpo- 
ration values. When values obtained in tripli- 
cate cultures correspond poorly (e.g., >5% dif- 
ference in q>m values >1000), technical prob- 
lems such as cell clumping, dilution, and 
pipetting should be considered. Excessively 
high values may be obtdned firom contami- 
nated wdls, as pH]diynu(tine will be incorpo- 
rated into rqilicating bacteria; therefore, it is 
good practice to check the wdls from microti- 
ter plates under an inverted microscope for 
contamination. Contamination may also inter- 
fere witii proliferation of the activated lympho- 
cytes. 

It is dso useful to check for blast formation 
by microscopic exanunation of die cultures: 
activated lymphocytes will tend to enlarge, and 
detection of blasts will give a generd indication 
of successful s»:tivation. 

The main problem that may occur with pro- 
liferative response assay s is high levels ofback- 
ground [^H]thymidine incorporation in control 
cultuies without antigens. This i^oblem is fire- 
quendy due to the fetd cdf serum (PCS) used 
to supplement the cultures, which may be mi- 
togenic for B cells. Different lots of PCS should 
be screened to select those that are nonstimula- 
tory or only weakly stimulatory in die absoice 
of odier stimuli, and that support strong prolif- 
erative responses upon antigemc stimulation of 
Tcdls. 

If flat-bottom microtiter plates are used in 
the procedure and weak responses occur, it 
may be useful to switch to round-bottom 
plates. Our laboratory has found consistentiy 
better responses in round-bottom plates when 
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thymocytes are used as responder cells or 
with slight alloantigenic diflferences between 
responding and stimulating cells. In addition, 
antibody-mediated experiments yield better 
results with round-bottom plates. Presum- 
ably, this reflects bctt» cell contact obtained 
in such plates; optimal responses will almost 
certainly occur at different cell numbers than 
in flat-bottOTi plates and densities will have 
to be adjusted accordingly. 

Although satisfactory responses to most al- 
loantigens can be obtained with complete 
RPMI-10 medium, it may be necessary to com- 
pare difforent media. TTiis need arises when the 
proliferative responses are weak O-c, when 
pHJthymidine values for activated cultures are 
<10-fold higher than those fw control cultures) 
and may occur under various circumstances: 
weak alloantigenic differences between re- 
sponder and stimulator cells, weak T cell pro- 
liferative function in the responder cells a- 
diminished APC function in the stimulator cells 
due to experimental manipulations, or a low 
precursor frequency of responding T cells. 
Thymocytes in particular do not contdn a high 
levd of respondingTcells. Frequently, prolif- 
eration can be unproved when convletc Oicks 
or Dulbeccos media are used (witii additives as 
described in apfendvct), presumably because 
these media contain additional nutrients and 
have an osmolarity more compatible witii 
mouse senun than RPML 

When RPMI is used as medium, 5% CO2 
will be sufQcient, but fw other media, a 7.5% 
CO2 concentration in die incubator will be 
more satisfactory. Generally, the buffering ca- 
pacity of DMBMis insufiBcient at 5%, but fine 
at 7.5%. Much will also dq)end on die prolif- 
erative activity of tiie responding population of 
T cells (e.g., vigorous prolif emtion will reduce 
flic pH in the cultures); it is tiierefore recom- 
mended to compare responsiveness in initial 
pilot expraments in incubators set at different 
CO2 concentrations. 

The culture period required for stimula- 
tion—after which the cells are to be labeled— 
varies for differwit laboratories, media, and 
types of responding and stimulator cells. Con- 
ditions eliciting weak responses, such as those 
obtained with thymocytes or a weak alloantige- 
nic diffaence, will require a longer culture 
period (5 to 6 days) flian those which eUcit a 
higher fiequency of responding T ceUs (3 to 4 
days). Because laboratory conditions vary, it 
will be necessary to run a kinetic assay to 
determine die optirnal time for T cell prolifer- 



ation. Addition of pH] tiiymidine on days 2, 3, 
4, 5, and 6 will provide a useful test; further 
ext^ion of die culture period will not yield 
any inqrovements, due to exhaustion of nutri* 
ents in the medium. 

Anticipated Results 

For proliferative assays described in the 
basic protocol, which activate the majority of 
the responding T cells, responses of 100,000 
cpm should be obtained; in die MLH or follow- 
ing activation widi monoclonal antibodies to 
subpopulaticms of T cells (anti-V^), responses 
up to 100,000 cpm may be observed; however, 
measurements of 20,000 cpm (widi tight stan- 
dard errors) can be quite satisfactory. Back- 
ground values of <1000 q>m should be ex- 
pected. Reported results (as described in stq> 
9a) should be mean qnn of experimental wells 
minus backgnx^Ml ^m (A cpm). 

Time Consideradoiis 

The time required to set up proliferative 
assays is not more than a day, with die number 
of hours depending on die number of different 
groups of responder cells thatmust be prepared. 
The time required for inc ubation of cells ranges 
fiom 2 to 6 days, as noted dbove in oitical 
parameters. Following an additional 18- to 24- 
hr incubation period for pulsing, harvesting the 
cells and measuring cpm will require several 
hours depending on the number of plates (-15 
min for harvesting each plate and -1(X) niin for 
counting eadi plate at 1 min/san^Ie). 
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